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This research addresses the characterization, modelling, thermal evolution and possible habitability of water-rich
exoplanets. Water is necessary for the origin and survival of life as we know it. In the search for habitable worlds,
water-rich planets therefore seem obvious candidates. The water layer on such planets could be hundreds of
kilometers deep. Depending on the temperature profile and the pressure gradient, it is likely that at great depths
a significant part of the water layer is solid high pressure ice. Whether the solid ice layer extends to the bottom
of the water layer, or if a shallow lower ocean forms above the silicate mantle, depends amongst others on the
thermal state of the planet.
We therefore model the thermal evolution of water-rich planets with a 1D parameterized model. Depth-dependent
profiles for thermodynamic properties as well as pressure and gravity are obtained by solving the Poisson equation
for the gravity and the hydrostatic pressure equation for pre-defined mass and composition (in terms of iron,
silicates and water) [1]. For density, equations of state are applied.

For the simulation of the thermal evolution of water-rich planets, several parameters (as initial tempera-
tures or layer thicknesses) are unknown. We therefore employ a quantitatve study with more than 20’000
simulations, where we investigated which parameters have the largest influence on the appearance of a lower
ocean, i.e. the possible melting of high-pressure ice by heat flowing out of the silicate mantle [2].

We find that the surface temperature has the largest influence on the thickness of water layers, for which a
lower ocean can still form between the high-pressure ice layer and the silicate mantle. For higher surface
temperatures, not only entirely liquid oceans are possible for deeper water shells, also a liquid ocean can form
under high-pressure ice layers of hundreds of kilometer thickness (for a 1 Earth-mass planet). Deeper down, the
lower ocean can still appear episodically at the water-mantle boundary (WMB).
We also investigated the main paramters influencing the existence of volcanic activity and silicate crust formation.
Under deep water layers, the high pressure from the overlying water layer can inhibit melting in the mantle.
The main parameters influencing the maximal water layer depth, for which melting is still possible, are indeed
the parameters influencing the mantle energy budget, which are the amount of radioactive heat sources and the
initial upper mantle temperature. Plate tectonics also has a strong influence on the existence of volcanism. Crustal
parameters (initial thickness or heat sources enrichment factor) as well as the ice rheology (i.e. the isolating effect
of the ice shell on the mantle) have only a small influence on melting processes in the interior and the formation
of crust.
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